INTRODUCTION {#sec1-1}
============

Dental pulp is a loose connective tissue in the center of the teeth and supports its surrounding dentin.\[[@ref1]\] Injuries to teeth, including caries or trauma, may cause pulpal diseases, therefore, it is important to evaluate the vitality of the dental pulp.\[[@ref2][@ref3]\]

There are different tests to assess pulp vitality. These tests fall into two groups. The sensibility tests including cold, thermal, and electrical pulp tests, and the pulpal blood flow evaluation tests including pulse oximetery, Laser Doppler flowmetery, and spectrophotometery.\[[@ref1][@ref4]\]

As sensibility tests are not able to define normal variations numerically, many false positive or false negative responses are expected. Also, different factors affect the results.\[[@ref1][@ref4]--[@ref7]\] The major drawback of these tests is the assessment of pulp vitality only via stimulation of the sensory neurons, which is not an allocated evaluation in some cases, such as, dental trauma.\[[@ref1][@ref8]\]

Regarding the limitations of the first group of tests, study on the circulatory status of the dental pulp has been recently proposed, to assess pulp vitality. One of these methods is assessing the blood oxygen saturation of the pulp, using a pulse oximeter. Pulse oximetery is a digital, noninvasive, and inexpensive method to determine the oxygen saturation of the pulp, especially in cases such as dental trauma or pediatric dentistry, where other tests are not valid.\[[@ref9][@ref10]\]

Pulse oximetery applies a principle known as the Beer-Lambert law. The pulse oximeter has a probe containing two light-emitting diodes: One transmits red light (660 nm) and the other transmits an infrared light (900 -- 940 nm). Blood hemoglobin (Hb) absorbs the red light, but oxygenated hemoglobin (Hbo~2~) absorbs the infrared light. The computer part of the device computes the ratio of the absorbed light by Hbo~2~ to the total light absorption by Hb and Hbo~2~. There is no specific probe for teeth in the market. Researchers use a finger probe, ear probe, modified ear probe, or a modified finger probe.\[[@ref5]--[@ref11]\]

Clail, *et al*.\[[@ref12]\] reported a mean value of 95% for standard deviation (SD) (Spo~2~) in the finger and over 90% in the anterior teeth. In 2006, Gopi Krishna\[[@ref13]\] studied 100 patients and used a custom-made probe on the teeth. The mean value of blood oxygen saturation in the finger was 97.58% and in the anterior teeth it was over 79%. He concluded that the blood oxygen shortage in the teeth was the cause of more refraction of infrared radiation by the dentin and enamel compared to the finger. Regarding the lack of sufficient information about the use of the pulse oximeter device as a reliable and noninvasive method to evaluate blood flow in dentistry, this study was conducted to evaluate the effect of a vasoconstructive agent in the local anesthetic drug, on reducing the pulpal blood flow during implant surgery, using pulse oximetry.

MATERIALS AND METHODS {#sec1-2}
=====================

The present study is a prospective clinical trial performed in the Operation Room of the School of Dentistry, Isfahan University of Medical Sciences, Isfahan, Iran during 2009 -- 2010. Samples were 15 candidates for implant surgery, to replace one of their anterior teeth. Informed content was obtained from all patients.

The inclusion criteria were {#sec2-1}
---------------------------

Having at least one intact adjacent anterior tooth without any restoration, an age range of 19 to 49 years, being a nonsmoker, lack of any cyanotic cardiovascular disease, respiratory condition, such as, asthma, and any hematological or periodontal disease. The exclusion criteria were the patient\'s need for a bone graft and complicated procedures.

In this study convenience sampling was performed. A pulse oximeter (CRITICARE-Systems, Inc., 504, USA), with an ear and finger probe was used. The ear probe was applied to measure the blood oxygen saturation (Spo~2~) of the dental pulp and the finger probe for that of the finger (Spo~2~). Following this, comparison of the two measurements was done \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].
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The probes were cleaned and disinfected with 2.4% Glutaraldehyde for 45 minutes, according to the instruction of the Dolphin Corporation, 2001.\[[@ref14]\]

The procedure had four steps, was performed in the morning, and was similar for all patients.

In the first step, in each patient, the blood oxygen saturation (Spo~2~) values of the finger and dental pulp were measured, before the anesthetic drug injection was given, using finger and ear probes, respectively. In the second step, the values were measured one minute after local anesthesia injection of two to four cartridges containing 1.8 ml of lidocaine 2% with 1/80000 of epinephrine were administered. In the third step, all the values were measured at the end of surgery, after cleaning the area. One hour after surgery, the values were measured again, as the fourth step.

The collected data from the four steps were analyzed using the Paired Samples Test and the Spearman\'s Correlation Coefficient.

RESULTS {#sec1-3}
=======

The data were obtained from 15 patients (10 males, 5 females) with an age range of 19 -- 49 years. The averages of age, number of cartridges, and duration of surgery were, 31 years, two cartridges, and 52 minutes, respectively.

In our study, the mean value of the peripheral Spo~2~ was over 97% in all four steps. The mean value of the pulpal Spo~2~ before local anesthesia was 87.73%, which decreased to 79.27% one minute after injection, then increased to 86.13% at the end of surgery, and to 86.4% one hour after surgery. \[[Table 1](#T1){ref-type="table"}\] \[[Figure 3](#F3){ref-type="fig"}\].

###### 

Blood and pulpal Spo~2~% in two groups of study

![](DRJ-9-433-g003)

![Mean of Spo~2~ in four steps of the study in two groups](DRJ-9-433-g004){#F3}

The paired samples test showed that the mean value of the pulpal Spo~2~ decreased significantly after anesthesia compared to before injection (*P* \< 0.001), however, there was no significant difference between the mean value of the pulpal Spo~2~ at the end of surgery and one hour after the procedure (*P* = 0.267, *P* = 0.065), respectively.

A significant increase was found in the mean value of the pulpal Spo~2~ at the end of surgery relative to after anesthesia (*P* = 0.007), but there was no significant increase in the mean value of the pulpal Spo~2~ one hour after surgery compared to after the procedure. (*P* = 0.855).

According to the Spearman\'s correlation coefficient, the number of injections was inversely correlated with the mean value of the pulpal Spo~2~ after anesthesia (*P* = 0.041, r = 0.533) and also directly correlated with the duration of the procedure. (*P* = 0.035, r = 0.547).

DISCUSSION {#sec1-4}
==========

The mean values of peripheral blood Spo~2~ in the four steps did not show significant changes; however, there were significant differences between the mean values of the pulpal Spo~2~ during the study. Therefore, the values of the pulpal Spo~2~ might have changed independently from the peripheral Spo~2~.

The mean value of the pulpal Spo~2~ was smaller than that of the peripheral Spo~2~. The reason was that thick dentin and enamel did not let much light pass through. This result is not consistent with the result of Gopi *et al*.\[[@ref13]\]

The mean value of the pulpal Spo~2~ after anesthesia decreased compared to that before the injection, because the local anesthetic material included epinephrine, which constricted the blood vessels and caused regional blood flow reduction. As no significant decrease was found in the mean value of the pulpal Spo~2~ immediately and one hour after surgery in comparison with before anesthesia, this reduction in blood flow was temporary.

Finding a significant increase in the mean value of pulpal Spo~2~ after surgery compared to after the anesthetic material injection, indicated increased pulpal blood flow after surgery. As there was no remarkable decrease in the mean value of pulpal Spo~2~ immediately and one hour after surgery, compared to before anesthesia, surgical trauma was not the cause of decrease in the pulpal Spo~2~, and the change in pulpal Spo~2~ occurred only as the result of anesthesia.

Our study showed the effectiveness of the pulse oximeter probes to evaluate pulpal vitality. This result is consistent with the results of the studies of Goho,\[[@ref5]\] Radhakrishnan,\[[@ref6]\] Calil,\[[@ref12]\] and Gopi Krishnan.\[[@ref13]\]

The mean values of Spo~2~ in the finger and anterior teeth reported by Calil\[[@ref12]\] were 95 and 90%, and by Gopi Krishnan *et al*.\[[@ref13]\] were 97.85 and 79%, respectively. The results of this study accept the results of Kaviani *et al*.,\[[@ref11]\] showing mean values of 97.5 and 92% for Spo~2~ in the ear and anterior teeth, respectively.

CONCLUSION {#sec1-5}
==========

In conclusion, it can be stated that, injection of a local anesthetic drug (lidocaine, Epinephrine) causes a temporary decrease in pulpal Spo~2~, without any effect on the pulpal vitality, and also the surgical trauma does not have any influence on the vitality and Spo~2~ of the adjacent tooth pulp.
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